Resumo
IntRoductIon
This paper presents evidence on the interest channel of the monetary policy for the Brazilian economy of the 1990s. Most economists tend to agree that actions by the monetary authority have real effects on the economy, altering the time path of real output and employment at least in the short run. On the empirical level, several studies have indeed shown that contractionary monetary policy actions, usually characterized by increases in the baseline nominal interest rate, tend to be followed by reductions in economic activity while expansionary actions are usually accompanied by increments in production and employment [see for example, Friedman and Schwartz (1963) ; Romer and Romer (1989) ; Cook and Hahn (1989) ; Sims (1992) ; Cochrane (1998) ; Barth and Ramey (2000) ]. The reasons for this "empirical regularity" have been the subject of substantial controversy and produced a large literature on why and how changes in monetary policy may affect real variables (Blanchard,1990) . Although the dispute may in fact reflect different views on how the real world actually works, the main explanations for the non-neutrality of monetary policy have been centered on informational issues, problems of signal extraction and expectation formation on one side, contracts, rigidities (nominal and real) and coordination problems on another. Theoretical disagreements standing, the important question from the policymaker's point of view is not so much why monetary policy is not neutral, but how the main aggregates in the economy respond to actual changes in the monetary instruments available.
The applied literature on the monetary transmission mechanism mostly analyses the American case and European countries, identifying the actions of the monetary authority as a shock to either some monetary aggregate [Barro (1977) , Reichenstein (1987) , Cochrane (1994)] or to the baseline interest rate [Bernanke and Gertler (1995) , Bernanke and Blinder (1992) , Evans (1994, 1999) , Peerman and Smets (2001) ]. For the Brazilian case, Mendonça (2001) discusses the monetary and lending channels of monetary policy and provides an application of the Taylor's rule to the determination of the interest rate after 1999. Barbosa and Portugal (2002) use autoregressive distributed-lag models to estimate the effect of changes in the long-run real interest rate on the output gap. The authors are interested in estimating the parameters of the IS and Phillips curves in order to investigate inflation target models. Minella (2001) analysis the monetary transmission mechanism for Brazil. The author uses a vector autoregressive system of first integrated variables to investigate the dynamics of inflation during periods of moderately increasing inflation, high and low inflation. Regarding the monetary transmission mechanism, the author finds that for all three periods, monetary policy shocks have real effects on output but do not induce an immediate reduction in inflation rates. This paper follows the international empirical literature in terms of the methodology and examines the response patterns of main economic variables to an unanticipated tightening in the Brazilian monetary policy through a vector autoregression system of equations (VAR). Our analysis differs from Minella's in three important ways. First, our benchmark specification includes the exchange rate as one of the endogenous variables in the model. Since the early 1990s, as the Brazilian economy began to open to international trade, this variable has become an important component of internal prices as well as monetary policy decision-making. Second, given the well-known sensitivity of impulse response functions to different specifications, the paper presents a sequence of alternative specification schemes providing a robustness analysis for the results. Finally, the paper sheds some light on how unexpected monetary policy shocks have contributed to the volatility of the economic aggregates in the model. The benchmark model finds that a tightening in the rate of change of the nominal selic rate has an immediate effect on economic activity, reducing the rate of growth of real GDP and a delayed effect on the rate of inflation, the main declared goal of the policymaker.
The paper is organized as follows. The second section presents the theoretical model of the VAR system, the third presents the evidence on the interest channel of the monetary policy, the fourth section brings the robustness analysis for the results obtained by the benchmark model and discusses the so-called "price-puzzle". The fifth section describes the effects of the monetary shock on the volatility of the economic aggregates of the model and the sixth section concludes the article.
thE ModEl
A monetary shock is identified as the disturbance term in the general equation:
where s represents the monetary authority's policy instrument, the baseline interest rate or some monetary aggregate, I represents the information set available to the policymaker at time t , σε is a random variable representing a monetary shock and f is a function, assumed linear, relating the policy instrument s to the information I t .
The monetary shock may reflect exogenous changes in the monetary authority loss function due to relative shifts in the preference for inflation and unemployment, for example, or shifts in the political composition of the government (Christiano et al.,1999) , strategic actions by the monetary authority to avoid social costs associated the Monetary transmission Mechanism in Brazil with unfulfilled expectations formed by private economic agents [Ball (1995) , Chari, Christiano and Eichenbaum (1998) ], exogenous variations in the monetary policy due to technical factors such as corrections in the preliminary data used by the Central Bank when making policy decisions (Bernanke and Mihov, 1995) .
A widely used strategy for estimating the effects of monetary policy shock is to adopt the recursiveness assumption that the monetary shocks are orthogonal to the information set I used by the policymaker and then estimate the dynamic responses of the variable of interest to a monetary policy shock. This assumption is convenient because it justifies estimating the dynamic responses as a two-step procedure: first, the monetary policy shocks are obtained by the fitted residuals of the ordinary least squares regression of s on variables in the information set I; then, the dynamic response is estimated by regressing the variable of interest against current and lagged values of the policy shocks estimated in the first step. This two-step procedure is, moreover, summarized by an asymptotically equivalent system of vector autoregressions (VAR) [Christiano et al. (1999) ].
Consider a VAR for the vector of variables t Z : , and
where t u is uncorrelated with variables observed in period t-1 and earlier.
Ordinarily least squares of each equation in (2) produce consistent estimates of the coefficients and the v can be estimated from the fitted residuals.
Assume that the vector of disturbances in the VAR is related to the economic shocks A is an invertible square matrix. , the dynamic responses of the variables in t Z will be invariant to the ordering of variables prior to the last variable in the information set (or the last variable ordered in the VAR). It is worth noting that in the absence of further restrictions, the dynamic responses to shocks to the other variables in the system simply reflect the normalization of 0 A adopted.
REsPonsEs to PolIcy shocks: thE EvIdEncE
There are basically two branches in the applied literature on the monetary transmission mechanism. The first one usually identifies the monetary policy shocks as innovations to some monetary aggregate, the monetary base, the money stock or M2 [Barro (1977) , Reichenstein (1987) , Cochrane (1994) ]. The second trend, interprets policy shocks as innovations to the baseline interest rate [Bernanke and Gertler (1995) , Bernanke and Blinder (1992) , Evans (1994, 1999) ]. As most of the applied literature analyses the American case, the authors employ the federal funds rate as an indicator for the monetary policy. Peersman and Smets (2001) use the three-month interest rate as the monetary policy instrument for an analysis of the Euro area.
The Brazilian monetary authorities have been using the open-market interest rate as its main policy instrument. For this reason, the policy instrument considered in the analysis is the short-run interest rate (selic).
In order to observe the fine timing of the transmission of interest rate shocks to the economy, the data set used consists of monthly observations, from January 1990 through August 2001. The raw data set used in the benchmark model consists of monthly observations of GDP, seasonally adjusted at constant average prices of 1990; the inflation rate, measured as the percentage change in the General Price Index; the the Monetary transmission Mechanism in Brazil Real/US dollar exchange rate; the overnight market interest rate (Selic). These variables are denoted by output, inflation, erate and interest, and were log-transformed to facilitate interpretation. Exception is made to the interest rate, which is measured in percentage points. The inflation rate was negative for September of 1995 (-1.08 percent). In order to apply the log operator, a constant c= 1.1 was added to the inflation rate over the whole period. This procedure is usual and does not affect the coefficients of interest as the added constant simply alters the intercept of the inflation regression equation. Data for the robustness analysis include an index for world exports, the U.S. Prime rate, a consumer price index (IPCA), an index for industrial production; the internal debt/GDP ratio, a commodity price index and the price for crude oil. The details for the series used are presented in the appendix.
unit Root tests
Before estimating the vector autoregression system, the variables must be tested for the order of integration. As suggested by Hayashi (2000) , the unit root tests were performed on a constant only, unless there is strong evidence of a deterministic time trend. This was the case for the output variable. The results are presented in Table 1 .
The Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests have indicated that Inflation, Erate, commodity, oil, debt, us Prime, World Exports, and the IPca Index have unit roots at the 5% significance level; output, Interest and the Production Index do not have unit roots and may be considered stationary processes. Both the ADF and PP tests are known to have poor finite-sample properties (Hayashi, 2000, p. 601) . The Dickey-Fuller-Generalized Least Squares test (DF-GLS), which has better finite-sample properties and good power, confirm the unit root results for Inflation, Erate, commodity, oil, debt, us Prime, World Exports and IPca Index, and indicate the presence of a unit root for Interest at 5% and output at 1%. The Production Index remains stationary in level. In accordance to the unit root tests results, all variables in the system will be treated as integrated of first order, I(1).
The Production Index variable is used in the robustness analysis presented below, both as I(0) and as I (1) with similar results. 
The VAR Estimation
The benchmark specification of the vector autoregression system was estimated using the following variables: output, inflation, erate, and interest, in this order, all in first difference.
Inflation and real GDP captures general movements in the price level and economic activity. Movements in the real exchange rate is usually taken into account by the Brazilian central bank when making monetary policy decisions. For this reason, the exchange rate is included in the VAR to identify the part of interest rate movements that might be endogenous to the exchange rate.
According to the specification used, the monetary authority is assumed to have information on the current level of economic activity, the inflation rate and the Real/US dollar exchange rate when setting its policy variable. One may argue that the policymaker usually does not have data on the current GDP level at its disposal when setting the interest rate. Although this is certainly true, the policymaker does have access to a series of partial indicators of economic activity, such as industrial production indexes, the public's indebtedness levels, retail sales, construction indexes, etc., which provide a very good indication of where the economy is heading. In this sense, it is not too far fetched to assume the policymaker knows the current level of economic activity.
As the data set consists of monthly observations, first a VAR system with twelve lags of each variable, a constant and a deterministic trend was estimated. 2 The system is stable as all inverse roots of the autoregressive polynomials are inside the unit circle. The dynamic responses of real economic activity and prices to an unanticipated increase in the nominal interest rate are shown in Figure 1 . The solid lines indicate the point estimates of the dynamic response functions, while dashed lines represent a 95% confidence interval. Response of ERATE to INTEREST As one may see in the first graph, a tightening in the monetary policy has an immediate effect on economic activity, with the growth rate of real GDP reaching its lowest level in the second month following the shock. Real output tends to return to trend 12 months after the shock.
Inflation and the exchange rate actually rise immediately after the monetary shock, assuming a downward pattern thereafter. The pattern of the exchange rate indicates an initial depreciation of the domestic currency, relative to trend, following an unexpected tightening in the monetary policy. Real appreciation seems to occur only after the sixth month of the shock. These effects (on inflation and the exchange rate) are not supported by monetary theory but have commonly been reported in the empirical literature on the transmission mechanism using VAR (Eichenbaum, 1992) . Known as the "price puzzle", these effects usually result from failure to include variables in the information set of the model that are in fact used by the policymaker. We will return to this discussion in the next section.
the Monetary transmission Mechanism in Brazil
The regression residual tests were tested for autocorrelation, heteroscedasticity and normality (see Table 2 ). Information criteria were used to select a more appropriate specification for the number of lags to be included in the endogenous variables in the VAR. The Akaike information criterion suggests a model with 2 lags, the more stringent Schwarz criterion suggests only 1 lag and a sequential likelihood ratio test selected 8 lags. The VAR system was re-estimated with the number of lags suggested.
Estimation with 1 or 2 lags resulted in models whose residuals were strongly autocorrelated, heteroscedastic and non-gaussian, although the impulse response functions did not change in any substantial way.
The VAR system with 8 lags delivered a more parsimonious model, with well behaved residuals in terms of autocorrelation and heteroscedasticity, although not in normality (see Table 3 ). The impulse functions are shown in Figure 2 . Response of ERATE to INTEREST As one may see, the qualitative results presented in the impulse response functions of the first specification do not change: an unexpected shock to the interest rate immediately reduces the rate of growth of output, increases the growth rates of inflation and the exchange rate. Output returns to trend after a year, inflation begins a descent in the second period following the shock and the exchange rate depreciates after the sixth month. The results for output and inflation are in accordance to those presented by Minella (2001) . 
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RoBustnEss analysIs and thE "PRIcE PuzzlE"
This section presents a robustness analysis for the results obtained with the benchmark model by checking whether the qualitative results are sensitive to the period analyzed or to changing conditions in the international market. We also check whether the qualitative results change when variables as excluded or included in the information set in an attempt to solve the "puzzles" presented by the benchmark model.
sample Period and Exclusion of the Exchange Rate
As the government launched a price stabilization program in 1994, it seems logical to analyze the sample sensitivity by dividing the period before and after July 1994. The VAR system was then re-estimated using 8 lags of each variable for one sub sample (1994:07 -2001:08), period after the stabilization program. Although there were no qualitative changes in the results, we do not have enough degrees of freedom to estimate the system prior to 1994 and compare results. Moreover, due to the relatively small sample size, the estimated system using the sub sample got very imprecise, further impairing the sensitivity analysis. Instead, in order to use all the sample information and control for the price stabilization program of 1994 and the adoption of the floating exchange rate regime in 1999, the original system was re-estimated using two impulse dummies, D1= 1 in 1994:07, 0 otherwise and D2= 1 in 1999:01, 0 otherwise. The results are presented in Figure 4 . Although the dummies are significant for some series, as one may observe, the pattern of the impulse response functions does not changed substantially 4 . Response of ERATE to INTEREST The robustness of the estimation can also be checked by eliminating some variables of the system and verifying whether the impulse response change substantially. During the sample period used for the analysis, the exchange rate regime has been changed. The price stabilization program of 1994 was based on a fixed exchange rate to the U.S. dollar. In January 1999, under a speculative attack, the Brazilian government liberalized the exchange rate, adopting a floating regime. In order to access the robustness of the analysis conducted so far, it seems interesting to re-estimate the VAR excluding the exchange rate from the system, while maintaining the same identification assumptions. The results are shown in Figure 3 . Figure 3 , the response patterns of output and inflation to an unexpected policy shock are very similar to those portrayed in Figure 2 . Output responds immediately to the shock and returns to its initial value 12 months later. As in Figure 2 , here the inflation rate also rises after shock declining two periods after the shock.
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controlling for International conditions
In order to take into account changing conditions in the international markets, an index for world exports and the U.S. Prime rate were included exogenously in the VAR system. The world exports' index is used as a proxy for international economic activity, which may have a positive correlation with domestic output; the U.S. Prime rate may in turn affect the exchange rate, influence the domestic monetary policy and the interest rate.
The coefficient of World Exports is significant for output, but not for inflation, exchange rate or interest rate; the coefficients for U.S. Prime rate are not statistically significant at conventional levels. As before, residuals are uncorrelated, homoscedastic, but not normal. The impulse response functions patterns remain very similar to the ones previously reported (see Figure 5) , showing that the inclusion of the exogenous variables does not change the results in any significant way.
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the "Price Puzzle"
As we have seen in previous sections, the standard specification of the information set used led to the implication that a tightening in the monetary policy results in a initial rise in domestic prices. This effect, although not supported by conventional theory of the monetary policy, has been commonly reported in the empirical literature on the monetary transmission mechanism using vector-autoregressions and became known as the "price puzzle" (Eichenbaum, 1992) . According to Sims (1992) , prices the Monetary transmission Mechanism in Brazil may appear to rise after a contractionary shock to the monetary policy because the analysis is based on a information set that does not include information on future inflation that is actually available to the authorities. For the American case, the inclusion of a commodity price index in the information set has often eliminated the "price puzzle" [Christiano et al (1996) , Sims and Zha (1998) ]. There, the inflation rate have been historically preceded by rises in commodity prices (Christiano et al, 1999) . In addition, the evidence presented above show that besides the "puzzle" in prices, there is a "puzzle" in the exchange rate variable, a result that does not conform to theory or evidence (as shown by Eichenbaum and Evans,1995) . The first question is then, does the inclusion of a commodity price index solve the "price puzzle" in the Brazilian case as it did for the American case? What about the "puzzle" in the exchange rate variable?
Data on commodity prices were collected from the International Financial Statistics Data Base, log transformed and tested for stationarity. As the unit root results (reported in Table 1 ) indicated the series to be first ordered integrated, the variable entered in the analysis in first difference.
The VAR system was re-estimated with 8 lags of Output, Inf lation, Erate, Commodity and Interest, in this order, a constant and a deterministic time trend 5 .
The impulse-response functions are reported in Figure 6 .
As one may see from the second graph presented, the inclusion of a commodity price index does not solve the "price puzzle" or the "exchange rate puzzle" for Brazil. In fact, the responses to an unexpected change in the selic interest rate continues to be very similar to the ones previously reported. .000
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. In the benchmark model, inf lation was measured as a percentage change in the General Price Index, which is an average of wholesale prices, consumer price, and construction costs. output consisted of monthly observations of GDP, seasonally adjusted at constant prices of 1990. This series, published by the Instituto Brasileiro de Geografia e Estatística (IBGE), has been discontinued after 2001, an indication that there might measurement errors in this variable. The benchmark model was then also estimated with a consumer price index (IPCA) and with a proxy for output, an industrial production index (quantum)
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. The impulse response functions, reported in Figure 7 and Figure 8 , have very similar patterns as the ones obtained by the benchmark model. In Sargent and Wallace's unpleasant monetarist arithmetic (Sargent and Wallace, 1981) , fiscal variables may affect prices in an institutional setting where the monetary authority does not act independently from the fiscal authority and set its monetary targets in accordance to the fiscal budget. Given the relatively recent and reportedly low independence of the Brazilian central bank and the attention international investors give to the fiscal stance of the government, a fiscal variable was included in the information set. 8 Indeed, as Figure 9 indicates, the inclusion of the debt/GDP ratio in the government's information set solves the "puzzle" for the exchange rate that, as expected, appreciates after a contractionary shock to the domestic interest rate. The "price puzzle" remains however, with Inflation declining only after the second period. debt increases immediately after the interest shock Given the relatively high participation of interest-indexed government securities and their short maturities, a shock to the selic rate has an immediate effect on the stock of government debt. Response of DEBT to INTEREST 8 We thank an anonymous referee for making this suggestion.
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volatIlIty analysIs
In this section, we analyze how the monetary shocks have contributed to the volatility of the economic variables included in the information set of the estimated model (Christiano et al., 1999) . Tables 4 and 5 show the percentage of the variance of the kperiod ahead forecast error in the variables of the benchmark model (output, Inflation, Erate, Interest) and the control model (output , Inflation, Erate, debt, Interest) .
In the benchmark model, the interest shock is relatively important for the volatility of the growth rate of output, significantly accounting for 8.0%, 9.1% and 9.7% of the variance of the 8, 12 and 24 period-ahead forecast error variance, respectively. For inflation and the exchange rate, the interest shock significantly accounts for 6.0% of the variance of the 18 month-ahead forecast error variance in inflation and 7.8% of the variance of the 12 month-ahead forecast error in the exchange rate. As expected given the ordered of the variables in the var system, the monetary policy shock has an important impact on the volatility of the interest rate, significantly accounting for more than 60% of the forecast error variance throughout the period analyzed. In the control model where the fiscal variable debt/GDP ratio is included in the authorities information set, the monetary shock does not have a statistically significant impact on the forecast error variance of output or inflation, indicating a low influence on the volatility of these variables. 9 On the other hand, the monetary shock has an important and statistically significant impact on the volatility of the exchange rate and the debt/GDP ratio. The shock accounts for 11.9% and 12.4% of the 12 and 24 period-ahead forecast error variance of the exchange rate, respectively. The shock has also an important and significant impact on the volatility of the debt/GDP ratio, accounting for 20.2% of the 24-period ahead forecast error variance. In both models, the benchmark and the control model, the variation of the forecast errors due to the policy shock are limited however, indicating that interest rate shocks have not been the most important independent source of volatility for these macroeconomic variables.
FInal REMaRks
This article has analyzed the transmission mechanism of the Brazilian monetary policy during the 1990s using a standard specification of the information set of the monetary authorities, where the current level of economic activity, the inflation rate and the exchange rate are taken into account when setting its policy variable, the baseline interest rate. The results have indicated that a tightening in the monetary the Monetary transmission Mechanism in Brazil policy immediately reduces economic activity, but only affects prices and the exchange rate with a temporal lag. The robustness analysis conducted supports these main results.
The standard specification of the information set used led to the implication that a tightening in the monetary policy results in a initial rise in domestic prices. This effect, not supported by conventional theory of the monetary policy, has been commonly reported in the empirical literature on the monetary transmission mechanism using vector-autoregressions and became known as the "price puzzle" (Eichenbaum, 1992) . Moreover, the benchmark model indicates an "exchange rate puzzle", as a contractionary shock leads to a depreciation of the domestic currency relative to trend. These "puzzles" may reflect the choice of variables in the governments information set. For the American case, the inclusion of a commodity price index in the information set has often eliminated the "price puzzle". For Brazil, the results have indicated that the commodity price index or other variables, such as oil prices, have not solved the "price puzzle". The "puzzle" in the exchange rate variable is removed, however, when the debt/GDP ratio is endogenously included in the model, indicating that fiscal variables have an important role in the government's information set.
